Absnacf-This paper describes a set of aVLSI circuits and a subsystem composed of these circuits that reproduce the electrical functionality of a dendrite. Keyword+ Neuromorphic Engineering, Dendrite, Neuron
I. INTRODUCIION
The first silicon retina, designed by Mead and Mahowald in the late 1980's [I] , was an analog Very Large Scale Integration (aVLSI) system. The success of early Integrated Circuit (IC) implementations of biologically accurate neural circuits led to the exploration of many other computational systems, as well as work on development of silicon models of single neurons [2] . These aVLSI systems are so successful because the mechanisms for signaling in the neural system, which are govemed by B o l t " statistics, can be captured by Metal Oxide Semiconductor Field Effect Transistor (MOSFEn circuits operating in their sub-threshold or low voltage regime. aVLSI is used in implementation of the silicon neurons and neural circuits because computations like addition, subtraction, expansion and compression are natural for analog circuits. It is these natural computational capabilities that make analog circuits so desirable for implementing biological functions. Since biological neurons and aVLSI circuits have similar data processing strategies, an analog circuit is a good representation of a biological system. The technology used for these ICs is Complimentary Metal Oxide Semiconductor (CMOS), a metbod of design that bas many advantages for simulating biological functions [3] .
Some of these advantages include: wide use in data processing applications, cost-effectiveness, well-understood fabrication processes, and low power consumption. benefited from new techniques in both data acquisition and imaging [6] and development of methods for modeling the dendritic functionality. Some current research topics include studies of the role of the active conductances and their relationship to computation; the functionality of various compartments in the dendrite; the relationship between timing and information coding [7] and; the role of antidromic or backpropagating spikes in plastic changes to the dendrite morphology. The use of neuromorphic engineering can enhance the ability to investigate, particularly, the methods of computational processing by developing analogs of the dendrite functionality, demonstrating the processes in both physical (aVLSI) and mathematical formulations, and testing outcomes using the aVLSI implementations. 
II. BACKGROUND

Iv. P A R A M m R ADJUSTMENT
By setting the individual parameters that are shown as inputs on the A, B and C segments in Fig. I , bio-physical parameters of the dendrite segment can be adjusted to reproduce lbe desired output. In this section, we describe the technique for adjustment of the membrane resting potential, the threshold voltage for spiking, the width of a generated spike, the extent of hyperpolhtion during the refractory period and passive signal attenuation.
The resting potential, V,,, can be adjusted by varying the physical size and static gate voltage of the MOSFETs which replicate the voltage dependent channels in the circuit. For example, in lbe block diagram of Fig. I , an adjustment of V,, OCCUIS when the sire of the conductance MOSFET in C block of the K circuit (portion below V-) is changed. 2) Threshold Voltage A blocks in both the Na and K portions of Fig. 1 have reference values.to indicate the voltage at which they will change state. The setting point NaOnKnee associated with the A block in the Na circuit @ortion above V-J sets the threshold voltage.
I ) Membrane Resting Pofenfial
An adjustment to the delay time setting point (NaTauh) in the B block of the Na circuit @ortion above V , .
in Fig. 1 ) will set the time that the spike voltage begins to fall toward V-,. This allows the designer to have control over the spike width.
The B block of the K circuit in Fig. 1 (portion The passive attenuation of a signal as it propagates toward the soma can be set by adusting the resistance and capacitance of transmission line segments such as that illustrated in Fig. 2 . V. CONCLUSION Using passive and active circGts, the full functionality of a neuron can be demonstrated. These circuit components can be used modularly to construct segments of dendrites and full implementations of neurons. The applications extend from practical circuits for neural functions to the modeling of neural behavior for enhanced understanding of 'biological mechanisms. Full connectivity for a segment of dendrite will be demonstrated in the poster.
